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Epoxy (EP) is being widely used in various fields, such as aerospace, electronic 
industries, and construction, which mostly attributed to its excellent adhesion to many 
substrates, electrical insulating property, low cure shrinkage, and great freedom in 
formulation design. However, the inherent flammability and brittleness of neat EP 
limited its application in many occasions. As is known, the most effective way to 
improve the fire resistance is to add flame retardants into neat EP while the toughness 
of EP can be improved by introducing flexible aliphatic chains to adsorb energy or 
inorganic particles to hinder crack propagation. Recently, in order to meet the more 
and more stringent requirements of industry and environmental protection, 
halogen-free phosphorus-
interest. With the guidance of material design theory, we developed novel 
halogen-free layered organo-(boro)phosphates containing both flexible aliphatic 
groups and (boro)phosphate groups, aiming to simultaneously improve the flame 
retardancy and toughness of EP.  
The main contents of this paper are as follows. 
(1) Two types of promising flame retardants layered organo-(boro)phosphates, 
n-alkylamine phosphate (CnAP) and n-alkylamine borophosphate (CnABP), were 
synthesized by one-spot method using alkyl amines (CnA, n=12,14,16,18) as 
templates. Influence of synthesis conditions on the structure of CnAP and CnABP was 
studied. Mono-CnAP/mono-CnABP and bi-CnAP/bi-CnABP with monolayer and 
bilayer organic molecule arrangements, respectively, were obtained.  
(2) EP/CnAP composites and EP/CnABP composites were prepared by melt 
mixing using the above synthesized layered organo-(boro)phosphates as additives. 
Effects of additives  structure and loading on the flame retardant properties of EP 
composites were studied using different testing methods. The experimental results 















bi-CnAP/bi-CnABP. b) CnAP and CnABP which possesses monolayer structure can 
improve the flame retardancy of composites at a low loading. For example, with 5% 
monolayer-C12AP or monolayer-C12ABP incorporated into EP matrix, LOI value has 
achieved 27.5 or 27.0. Compared with neat EP, total heat release (THR), peak of heat 
release rate (PHRR), and smoke release of EP/CnAP composite and EP/CnABP 
composites was significantly reduced, respectively. c) The length of alkyl spacer has 
no important influence on the flame retardancy of layered organo-(boro)phosphates. 
(3) The possible mechanism of flame retardant was studied by using Cone 
calorimeter test (CCT), Thermogravimetric-Mass spectrometry (TG-MS), and 
Scanning electron microscopy (SEM). It was found that the flame retardant 
mechanism of EP/mono-C12AP composites was due to the protective foam-like char 
in solid phase while the flame retardant mechanism of EP/mono-C12ABP composites 
was attributed to not only the protective char in solid phase but also boron oxides in 
gas phase which would capture the reactive olefin fragment. 
(4) Impact strength values of EP/mono-C12AP composites and EP/mono-C12ABP 
composites were collected from unnotched Charpy impact strength testing. The 
experimental data indicated that the impact strength increased as the mass percentage 
of mono-C12AP or mono-C12ABP increased at low loading.  
In summary, two types of novel halogen-free flame retardants, CnAP and CnABP, 
were prepared by one-spot method and the properties of the corresponding flame 
retardanted epoxy were studied. It was found that values of LOI and impact strength 
increased while the values of total heat release and heat release rate were reduced, 
which indicated that CnAP and CnABP could simultaneously enhance the flame 
retardancy and impact toughness of filled EP composites. This study opens a new 
door for the development of novel flame retardants, and we believe that more and 
more novel flame retardant with bi- or multi-function will be realized in the near 
future. 
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